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(54) Loading arrangement 

(57) The invention relates to a loading arrangement 
comprising a riser (10) that extends from a subsea 
structure to a coupling element for coupling the riser to 
a vessel. The coupling element comprises a buoy body 
(7) which is connected to a retention member (2) via a 
flexible connection part (8). The retention member (2), 
such as a submerged buoy, is attached to anchor lines 



(331 which at or near their end parts are provided with 
buoyancy means (4). The connection part (8), which 
can be a cable or a frame structure has a relatively high 
tensile strength to anchor the vessel to the sea bed and 
to prevent drift of the vessel when tension is exerted on 
the connection part (8) and the anchor lines (3). 
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10001] The invention relates to a loading arrangement 
compnsing a nser extending from a subsea structure to 
a coupling element that is attached to the riser for cou- 5 
plmg the nser to a vessel, the coupling element com- . 
pnsinga buoy body (STL buoy) that is connected to the 
sea bed va anchor lines that are provided with buoy- 
ancy means at or near their ends that are located near 
me buoy body. 

[0002] In the Heidrun fields, oil is transferred from the " 
Jf* ^ters via a Direct Shuttle Load- 
»ng (DSL) system. In this way intermediate storage facil- 
ities need not be used and continuous oil production 
arxf transfer directly to the shuttte tanker ££3? 15 
The shuttle tankers comprise a Submerge Turret Load- 
ing (STL) moonng construction having a keel cavity in 
wh.ch a coupling buoy is received. The coupling buoy is 
attached to flexible risers connected to the subsea oM 

anchor l.nes are near their upper ends provided with 
buoyancy such that the coupling buoy is maintained ata 
predetermined position below water level upon detach- 
ing from the shuttle tanker. Such a system is Sr 
described in WO 96/36529 

SSLST* !? h seas> shuHle tenker wm be dis- 25 

connected from the coupling buoy, for instance at wave 
heights of 10 m or higher. When the wave height 

S,L 9n ^ WaVe heighte of 4 " 5 ' 5 m °' « higher so 
«™ ^ ^ 18 8 very mcM and P«>cfee opera- 
ton. The horizontal and vertical position of the detached 
buoy, which is suspended between the buoyant upper 
Tof th°I ?ir h ° r HneS ' fe V6ry 5431516 and oan "oifo.- 
hook-up of the STL buoy. It is therefore an object of the 
present invention to provide an STL buoy loading 

sjrrsr be easi,y -** to a sh * 

fJfSLJ3 ,eret0the '° adin9 cement acceding to 4o 
the present mvention is characterised in that the buoy 
bodyjs connected to a retention member via a flexible 

to SS* P > t ** re,ent '° n member Wn » ^ohed 
H!Z Z^l 6S * Wherei " the connecti ° n ^ ^s a 
relat.velyh.gh tensile strength to anchor the vessel to 45 

siLT^^ 10 Prevent drif * * 106 ve **' when ten- 
tiZ n?T the connecfon Part and the anchor 
Ones. By the substantially flexible connection part, the 
STL buoy is decoupled from the relatively large horizon- 
tal and vertical stiffness of the anchoring means The so 
buoyancy means may be formed by the reUcTmel 
ber, which may have positive buoyancy or by separate 
buoyancy members attached to the enc, of eacSor 
HV { a ^ COmbinafon tnereof - » 's not necessary for 
rubSl^ to w ^ eaWo, ^ ncyBe ^ a ofthe 55 
substantial flexible connection of the STL buoy to the 
retention member, the buoy is able to follow the vertical 
and horizontal movements of the vessel, which makes it 



easy to pull the STL buoy in towards the shuttle tanker 
and to align the buoy with the keel cavity during the 

2n^ Pr0C ^T ^^"oasutstoSallyflaliSe 
connector, part, the dynamic vessel is in a f lexfcie way 

toadingsystem formed by the retention member andtoe 
anchor ..nes^ With the term Hextole" it is meant a con 

respect to the vertical such as a chain or cable connec- 
tion, a pnrotmg frame or a tubular member which rem- 
prises pivoting segments, and the like. 

i!TSLrI S '° Ul i b l n0,ed ** m "W" tenker '°ad- 
«V system «v wh,ch a flexible attachment between a 
coupling member which is located at the wate^ce 
for couphng to a shuttle tanker, and a submerged^ 
ton member in meformof abuoy is known from US pat- 
ent number 5,275.510. In the known loading system 
however the retention member is connected to the st 
bed via a nser system. From the retention member a 

ZSZZ'*? VertCaMy UpWa '* to *• ooupling 
member for prowling a fluid connection with a shuttle 

W« This system can only be used in cor4inato n 
with a dynamically positioning system in which the 

thrusters.^ No anchonng forces can be transmitted 
though the vertical riser part towards the seab™ 
toatar. anchoring function is not present in this cai 
TfljL°Z ^ imm 01 «* present invention. 
ZfT^T m T bef com P rises a chain table co* 

seabed ** at ,east *" anchor linaa - The 

SJ^ e rL COmpnse buoyanc y to ke ep it at its 
desired depth The anchor lines can near their upper 
ends be provried with buoyancy members and ean 
Attend ,n a circular pattern around the chain table sS 
that it is maintained ata predetermined depth below ^ 

ES ^ ™T* 50 metreS at 1,16 total vrcterdS 
a oS^r' 68 ^^"tablemay comprise 
aroteteble swivel having a stationary part connected to 

J"^ r0ta ^ oonnected to a flexible rise? 

Z Th?JL ^ fr0m ^ r0fatin 9 P art to the STL 
buoy. The flexible nser section is attached to the STL 
buoy via a second swivel for allowing displacement of 
toe flexible riser section in a plane through the connec- 
fon part. In this way relative rotations oftoevSsSS, 

out exerting too large tensions on the flexible riser sec- 
ton between the chain table and the STL buoy. 
P»07] In another embodiment the retention member 
aTes^T^ ^ ^ ^ * P'^otably connected .0 
nffl^ 38 3 ,l0atin9 Production storage and 

i^^' (FPSO)Whereintte ~ nne o«onpa rt fe 

sSfrn toe iST *•■ ^ ^ * *■ PiVOt 
»fm a ^ J bUOy B P^nonfy connected to the 

^ i 35 ' y piCked "P in me «eel cavity of the 
shuffle anker for offloading without the buoy being 

uSu^n h^ 63 ^- ThiS emb0dimem fe ^ cu,a "y 
useful in heaor environments and during higher sea 

states of wave heighte between 6-8 m. arxf improves toe 
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shuttle tanker connect/disconnect sea state and thus 
the overall availability of the shuttle tanker. The distance 
between the first and second vessels could be as large 
as 500 metres. A ballast weight may be attached to the 
pivot arm, which may for instance be a delta frame, to 
stabilize the frame when the STL buoy is disconnected 
from the shuttle tanker. A further advantage of attaching 
the STL buoy to the pivot arm is that upon connection, 
the pivot arm keeps the shuttle tanker at a relatively 
fixed distance from the first vessel (FPSO). 
[0008] Preferably a weight is attached to a support 
arm that is located transversely to the pivot arm such 
that the weight is located below the pivoting connection 
of the pivot arm when the pivot arm is in its submerged 
equilibrium position. In this way a stable submerged 
position is achieved wherein the moment on the pivot 
hinges is relatively low. 

[0009] The connection part may comprise a chain 
which can be provided with a chain swivel for allowing 
rotation of an upper and lower chain part upon weath- 
ervaning of the vessel. It is also possible to use a sub- 
stantially rigid frame member as a connection part, the 
frame member being connected to the buoy body via a 
pivot connection such that the buoy body may be tilted 
with respect to the frame member upon drift of the shut- 
tie tanker. 

[0010] In another embodiment the STL buoy is con- 
nected to a first vessel via a flow line which is taken up 
by a winch on the vessel. The buoy could be moved into 
the direction of the keel cavity of the shuttle tanker via a 
hook up line, a remote operated vehicle (ROV) or with 
thrusters connected to the STL buoy. 
[0011] Some embodiments of a loading system 
according to the present invention will by way of exam- 
ple be explained in detail with reference to the accom- 
panying drawings. In the drawings: 

Figure 1 shows a side view of a loading arrange- 
ment according to the present invention, 
Figure 2 shows a first embodiment of the loading 
arrangement wherein the connection part is formed 
by a cable or chain, 

Figure 3 shows an embodiment wherein the con- 
nection part is flexible and is formed by a substan- 
tially rigid frame member connected to the STL 
buoy and to a chain table via pivot connections, 
Figure 4 shows a partially cut away enlarged detail 
of the loading arrangement of the present invention 
comprising a chain type connection part. 
Figure 5 shows a further embodiment of a loading 
anangement of the present invention wherein the 
STL buoy is connected to a pivot arm, 
Figure 6 shows a top view of the pivot arm of figure 
5, and 

Figure 7 shows a third embodiment wherein the 
STL buoy is attached to a winch on a vessel via a 
flow line. 



[001 2] Figure 1 shows a loading and mooring arrange- 
ment 1 according to the present invention wherein a 
chain table 2 is connected to a number of anchor lines 
3, 3'. The anchor lines 3, 3* are connected to the seabed 

5 via anchors such as piled anchors, suction anchors or 
fluke anchors. At the upper ends of the anchor lines 3,3\ 
which can comprise anchor chains, wire rope cables or 
cables of synthetic materials such as polyethylene or 
any combination thereof, buoyancy members 4, 4* are 

10 connected. The anchor lines 3, 3* extend in a circular or 
grouped configuration around the chain table 2 and 
maintain the chain table at a predetermined position 
below water level 5. A buoy body, or submerged turret 
loading buoy (STL) 7 is attached to the chain table 2 via 

75 a flexible connection part 8 which can be in the form of 
a chain, cable, or pivoting frame member. The STL buoy 
7 comprises coupling members for attaching to a keel 
cavity 6 in the shuttle tanker 9; The keel cavity 6 may be 
part of a turret system around which the tanker 9 can 

20 weathervane or can be fixedly placed in the hull of the 
vessel without the use of a turret construction. 
[0013] A number of risers 10, of which only one has 
been shown for reasons of clarity, extend from the sea- 
bed, for instance from a subsea oil well to the chain 

25 table 2. From the chain table 2 a flexible riser section 1 1 
extends towards the STL buoy 7. The length of the con- 
nection part 8 may for instance be between 10 and 50 
meter. The water depth in which the system is used may 
for instance be 1 300 meter. 

30 [0014] Figure 2 shows an embodiment wherein the 
connection part 8 is formed by a chain or cable such 
that a large degree of freedom in positioning the STL- 
buoy 7 with respect to the relatively stiffly supported 
chain table 2 is possible. 

35 [0015] In the embodiment of figure 3, the connection 
part 8 is formed by a substantially rigid tubular member 
or frame member 14 which is attached to the STL buoy 
7 via a pivot joint 1 5. At the bottom, the tubular member 
or frame member 14 is connected to the chain table 2 

40 via a pivot joint 1 6; However, the pivot joint 1 6 is optional 
and may be omitted. The riser 10 may be guided 
through the frame member 14 a could be routed out- 
side of the frame member 14. 
[001 6] Figure 4 shows an enlarged detail of the load- 

45 ing and mooring arrangement according to the present 
invention wherein the product riser 10 is connected to a 
stationary part of a fluid swivel 16 on the chain table 2. 
The rotating part of the fluid swivel 16 is connected to 
flexible riser section 11. At the lower end of the STL- 

so buoy 7, the flexible riser section 11 is connected to a 
swivel 17. The chain 19, connecting the chain table 2 
and the STL buoy 7, is provided with a chain swivel 20 
such that an upper chain section 21 can rotate relative 
to lower chain section 22 around the length dimension 

55 of the chain 19. At the upper end, the chain 21 is con- 
nected to a gimbal table 23 of the STL-buoy 7. 
[0017] Figure 5 shows an embodiment wherein the 
STL-buoy 32 is connected via a connection part 33, 
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which in this case may also be a cable, chain or pivoting 
frame member, to the end of a pivot arm 34. The buoy 
32 can be engaged with a keel cavity 37 in the shuttle 
tanker 31. As can be seen in figure 6, the pivot arm 34 
has the form of a delta-type frame. The arm 34 is con- 5 
nected to a floating production storage and offloading 
vessel 30 via a pivot connection 31. Carrier arms 32, 
32\ which extends transversely to the delta frame 34, 
are connected to a positioning weight 33 which in the 
rest position is located directly below the pivot joint 31 . w 
A flow line 35 extends along the arm 34 to the STL-buoy 
32. 

[001 8] Finally, figure 7 shows an embodiment wherein 
an STL buoy 40 is connected to a flow line 41 , which 
has no positive buoyancy. Row line 41 is collected on a 75 
winch 42 on the FPSO-vessel 43. A shuttle tanker 44 
having a dynamic positioning system in the form of mul- 
tiple thrusters 45 can be manoeuvred in the proximity of 
the FPSO-vessel 43 and can attach to the STL buoy 40 
via a hook-up line 47. With the hook-up line 47 the STL 20 
buoy 40 can be winched into the keel cavity 48 for con- 
necting the flow line 41 to the shuttle tanker 44. No 
anchoring function of the flow line 41 and STL buoy 40 
are provided in this case, the dynamic positioning sys- 
tem of the shuttle tanker 44 maintaining the proper rela- 25 
tive position of the tanker 44 with respect to the FPSO- 
vessel 43. 

Claims 

1. Loading arrangement (1) comprising a riser (10) 
extending from a subsea structure to a coupling 
element that is attached to the riser (10) for cou- 
pling the riser to a vessel, the coupling element 
comprising a buoy body (7) that is connected to the 
seabed via anchor lines (3,3*) that are provided with 
buoyancy means (4,4*) at or near their ends that are 
located near the buoy body, characterised in that 
the buoy body (7) is connected to a retention mem- 
ber (2) via a flexible connection part (8,14,15,16), 
the retention member (2) being attached to the 
anchor lines (3,3*), wherein the connection part 
(8,14,15,16) has a relatively high tensile strength to 
anchor the vessel to the seabed and to prevent drift 
of the vessel when tension is exerted on the con- 
nection part and the anchor lines (3.3*). 

2. Loading arrangement (1) according to claim 1. 
wherein the retention member (2) comprises a 
chain table connected to the seabed by at least two 
anchor lines. 

3. Loading arrangement (1) according to claim 2, 
wherein the retention member (2) comprises a 
rotatable swivel (16) having a stationary part con- 
nected to the riser and a rotating part connected to 
a flexible riser section (1 1) extending from the rotat- 
ing swivel part to the buoy body (7), the flexible riser 



section (1 1) being attached to the buoy body (7) via 
a second swivel (17) for allowing displacement of 
the flexible riser section (1 1) in a plane through the 
connection part (8). 

4. Loading arrangement (1) according to claim 2 or 3, 
wherein the anchor lines (3,3*) are provided with a 
buoyancy member (4,4*) near their ends that are 
attached to the chain table (2). 

5. Loading arrangement (36) comprising a first vessel 
(30) having a pivot arm (34) that is pivotably con- 
nected to the vessel (30), and a coupling element 
comprising a buoy body (32) being connected to 
the pivot arm (34) via a flexible connection part (33) 
at or near the free end of the pivot arm, wherein the 
connection part has a relatively high tensile 
strength to anchor a second vessel (31) via the 
buoy body (32), when it is coupled with a cavity (37) 
near keel level of the second vessel (31) to the first 
vessel (30), and a flow line (35) extending from the 
first vessel (30), along the pivot arm (34) to the buoy 
body (32). 

6. Loading arrangement (36) according to claim 5, 
wherein the pivot arm (34) comprises a weight (33) 
for maintaining the pivot arm in a stabilised sub- 
merged position. 

30 7. Loading arrangement (36) according to claim 6, 
wherein the weight (33) is carried by a support arm 
(32.32 1 ) that is attached transversely to the pivot 
arm (34) such that the weight (33) is located below 
the pivoting connection (31) of the pivot arm (34) to 
35 the vessel (30) when the arm (34) is in its sub- 
merged equilibrium position. 

8. Loading arrangement (1 ,36) according to any of the 
previous claims, wherein the connection part (8) 

40 comprises a chain (19). 

9. Loading arrangement (1,36) according to claim 8, 
wherein the chain (19) comprises a chain swivel 
(20) having rotatable first and second segments, 

45 the first segment being attached to an upper chain 
section (21), the second segment being attached to 
a lower chain section (22) for allowing relative rota- 
tion of the first and second chain sections (21,22) 
around their longitudinal axis. 

10. Loading arrangement (1,36) according to any ot 
claims 1 to 7, wherein the connection part (8) com- 
prises a substantially rigid frame member (14) 
which is connected to the buoy body (7) via a pivot 

55 connection (15). 

1 1 . Loading arrangement (1 ,36) according to daim 1 0, 
wherein the frame member (1 4) is connected to the 
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retention member (2) via a pivot connection (16). 

12. Loading arrangement (48) comprising a first vessel 
(43) having a winch (42) and a flow line (41) con- 
nected to the winch (42), the flowfine (41) being at 5 
its free end provided with a buoy body (40), the 
buoy body comprising coupling means for engaging 
with a recess (48) near keel level of a dynamically 
positioned second vessel (44) in the proximity of the 
first vessel (43). 10 

13. Loading arrangement (48) according to claim 12, 
wherein the buoy body (40) has a generally conical 
shape or the form of a truncated cone. 
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